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introduction 



The fjurpose this publication is to provide a guide and reference 
{o * i you, the teacher, taking this in-service television c oaose. The course is 
organized into thirty- two programs, each thirty minutes long, which will be 
broadcast following the schedule on page 3. This guide is organized in a 
similar matwer. There ate thirty-two lessons, each corresponding to a program. 
Each lesson section is divided into four segments . The {irst segment states 
the objectives ok goals which the lesson hopes to accomplish . The second is a 
list o$ references , and the third is a group o suggested activities . The 
fourth is a content outline of the material to be discussed in that lesson . 

The Reference Section : 

Ea6i lesson is referenced in several texts . Whenever possible, all 
three state' adopted texts ate cited first and in the following ondeA ; 

1. ribbs, Albert R, and Albert F. Eiss. THE EARTtf-SPACE 
S "lEMCCS (laidlaw Brothers, 196 9). 

2. Bishop, Margaret S. , Phyllis G . Lea'is, and Richmond L. Bronaugh. 

FOCUS OK EARTH SCIENCE (W will, 1969). 

3. EasUh Science Curriculum Vroject . INVESTIGATING THE EA RTH 
(Houghton Mifflin, 1961]. 

The ondea is not intended to convey any preference but simply to standardize 
and, thus, simplify the process of finding the particular reference you a / ie 
seeking. Principal supplementary references are also given for each lesson. 

A gain, the order means littlv, rather, the sources cited represent the best 
ofl the sources available to the authon at the time o f whiting. As complete 
a bibliography as possible is included at the end o& tits section. Ik the 
e.vent, that a reference is particutaKly valuable, it usually will be mentioned 
on the. program preceding the one to which it applies. 



The Activities Section : 

The principal purpose of the activities section is to provide you 
with some examples o f student investigations, demonstration, or activities 
which lead into or serve to demonstrate a particular concept. There are 
literally hundreds c f possible activities, and here is space in this hand- 
book for only a few. As time permits, more will be added and distributed 
to you. 1(5 you fenotv of a demonstration, investigation, or activity which ;J> 
not listed, please let u4 know so that we may add it to our lists and inform 
the other teadiers taking the coirse. 

Vo not {eel that you must try every activity listed, but do try at 
least one every week. One of the best ioai/6 to keep students awake, Interested, 
and entJiusiastic Is to keep thrjn busy discovering. Most of the activities 
shown promote discovery and, therefore , can make teaming an excituig bui^cnc^. 
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The Content Pattern : 

This position o& the. handbook is perhaps the least valuable. F ir*t, 
many o^ the facts Listed will have changed befare the couise is completed. 

Uore important axe the major concept* embodied In the outline. We ate, a{ter. 
all, principally Interested in concepts . You should treat the outline as you 
would a set o{ course notes. Indeed, they are intended to serve as such, and 
we hope you will use them in place o{ tailing notes. You should {eel ^ee to 
mark out, add to, make notes cn, or s^Jiibbte all over the entire handbook. It 
belong* to you . The televisi^Vi program will not necessarily cooeA all o{ the 
material in the outline or take It up in the outline order. However, the 
material in the lesson Is vital to the concepts being considered and, hopefully, 
constitutes a total earth science course when token as a complete unit o{ 
thirty- too lessons. Those activities printed in their entirety are not copy- 
righted and were purposely printed i*\ a manner as to make them easily copied. 
Please fazl faee to do so. 

Teac her Participation s 

Wo course can g^ve you any more than what you put into it, We 
believe that earth science com be one o{ the most exciting courses in the 
curriculum. We hope you will fand the television portion interesting, 
stimulating, and entertaining; but what you derive faom the course will 
depend principally on the a mount o{ energy you expend on the fallow-up 
activities. The 4ucce44 tki> course depends on you. We hope you will 
help us make it the kind o{ 4ucce44 it can be. 
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TRANSMISSION SCHEDULE* 
1970 - 71 





* The same lesson will be broadcast on Tuesday at 4:00 p.m. and 
Thursday at 6:30 p.m. for convenience in scheduling. 
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TEXT REFERENCES 

1. Hibbs and Eiss. THE EARTH-SPACE SCIENCES (Laidlawl. 

2. Bishop, Lewis and Bronaugh. FOCUS ON EARTH SCIENCE (Merrill). 

3. ESCP , INVESTIGATING THE EARTH (Houghton Mifflin) 



ADDITIONAL REFERE NCES 

4. Namowltz and Stone. EARTH SCIENCE, THE WORLD WE LIVE IN (Van 
Nostrand) . 

5. Navarra and Strahler. OUR PLANE 1- IN SPACE (Ho~pe' and Row), 

6. kamsey and Burckley. MODERN EAR T H SCIENCE (Ho’t, Rinehart and 
Winston) . 

7. Ramsey, et al . FOUNDATIONS OF PHYSICAL SCIENCE -HoH, Rinehart 
and WinstonTT 

8. Thurber and Kilfcurn. EXPLORING EARTH SCIENCE (Allyn & Bacon). 

9. Trinkiein and Huffer. MODERN SPACE SCIENCE (Holt, Rinehart and 
Winston). 

10. Wolfe, et al, EARTn AND SPACE SCIENCE (0 C Heath). 



C OLLEGE LEVEL REFEREN CES 

11. Clark and Stealin. THE GEOLOGICAL EVOLUTION OF NORTH AMERICA 
(Ronald) . 

12. DICTIONARY OF GEOLOGICAL TERMS, AG I (Dolphin). 

13. A DICTIONARY OF MINING AND RELATED TERMS, Department of the 
Interior. 

14. Dunbar, HISTORICAL GEOLOGY (Wiley), 

15. GEOLOGY AND EARTH SCIENCES SOURCEBOOK, AG!, (Holt, Rinehart 
and Winston). 

16. Gilluly, et al. PRINCIPLES OF GEOLOGY (Freeman). 

17. Holmes. FtflfTCTPLES OF PHYSICAL GEOLOGY (Ronald), 

18. Shelton. GEOLOGY ILLUSTRA T ED (Freeman) 

19. Shepard. THE EARTH BENEATH THE SFA 'Joh^s Hcpk'> s ) 

20. Spencer. GEOLOGY: A SURVEY OF EARTH SCIENCE (C’OweH). 

21. Strahler . EARTH SCIENCES (Harper A Row'. 

22. Strahler. PHYSICAL GEOGkAPHY (W-l ey). 

23. Zumberge. ELEMENTS OF GEOLOGY (Wiley) 



NORTH CAROLINA * 

24. Broedhurst. AN INTRODUCTION TO T HE TOPOGRAPHY, GEOLOGY, AND 
MINERAL RESOURCES OF NORTH CAROLINA (Education; 1 Series No. 2, 
1952). 

25. Stuckey. NORTH CAROLINA - ITS GEOLOGY AND MINERAL RESOURCES 
(1965). 

26. Stuckey and Steel. GEOLOGY AND MINERAL RESOURCES OF NORTH 
CAROLINA {Educational Series N 0 , 3, 1953). 




* Available from North Carolina D '.is'in or M^ne^a’i Resources, 
Department of Conservation and Oeve’opment, Raleigh, No r th 
Carolina 27603. 



LESSON 1 , Introduction 

CONSTRUCTS for teaching earth science 



Object] ves : 

1 To gain an understanding of some of the various approaches that can be used 
in teaching earth science and the reasoning behind their application- 

2- To d 1 fferenti ate some of the various styles of teaching and their positive 
and negative points, 

3- To establish a partial constructu^al base for the organization of the 
following thirty-one lessons- 



Refe re nces i 

1. Hibbs, Albert R- , and Albert F . Eiss T HE EARTH - SPACE SCIENCES (Laidlaw 
Brothers, 1969), Chapters 1 and 2 

2. Bishop, Margaret S- , Phyllis G Lewis, anci Richmond L- Bronaugh FOCUS ON 
EARTH SCIENCE (Merrill, 1969), pages i < i and i v ; Chapter 1, Section Lie 

3. Earth Science Curriculum Project- INVESTIGATING THE EARTH (Houghton Mitfli 
1967), text preface and prologue, Teacher's Manual Introduction, pages 1-16 



Acti_v^ti es : 

1 Make a list of all the various const ructural schemes for teaching earth 
science that you can think of. Have each teacher select one and discuss 
its good and bad points. (Example, compare the three cons true tural 
schemes in the state adopted textbook or some of the references ) 

2. Have each teacher develop a plan for their years activity based on one or 
more construct, discuss and justify the^r plan to the rest of the group. 

3 r Discuss th 3 approach you plan to use in teaching earth science this year- 
Will it be factual, investigative, field oriented, concept oriented, or 
a mixture of the different approaches? Why did you choose your particular 
approach? 
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CONSTRUCTS FOR TEACHING EARTH SCIENCE 



I* Major Construction Themes 



A, Classical approach - proceeds systematically through the branches of 
the earth sciences and usually the sub-branches. 



Example: Astronomy 

Meteorol ogy 
Cl imatol ogy 
Oceanography 
Geology 



( Mineralogy 
Petrology 
Geomorphology 
Structural Geol 
Geophysics 
His tori cal 



ogy 



B. Historical approach - usually begins with the origin of the universe 
and continues to the present, inserting other concepts where they 
become necessary to explain events as they develop, 

C. Macro to micro - proceeding from the universe to the atom, 

D. Micro to macro - proceeding from the atom to the universe, 

E. Through the spheres - proceeding from the exosphere to the atmosphere, 
hydrosphere, and lithosphere or the reverse order, 

F. Concept oriented approach - involves selecting the major conceptual bases 
on which the science functions- 



Example: Interface concept 

Gravity 
Energy flow 

II. Shotgun or topic selection? 



Density 

Time 

Space 



Evolution 

Uni fori tarianism 

Isostasy 



A, Try to cover everything? This usually results J n poor coverage of many 
things and often the end of the school year arrives with material left 
uncovered. 




B. If you can't cover it well - don’t try to cover it at all Many 
teachers feel that it is better to skip a topic rather than treat it 
poorly. Often entire subject areas are ignored for one or more of the 
reasons below- 

1 . Lack of knowledge. 

2. Lack of resources. 

3. Lack of interest (either teacher or students). 
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4, Previous knowledge on part of students (example: space science), 

5. Location (example: students in the mid-west often talk more about 
fossils and less about oceanography. Students in th? south have 
little need for a comprehensive knowledge of the landforms caused 
by continental and valley glaciers.) 



ERLC 
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LESSON 2 Introduction and Content 



TEACHING THROUGH CONCEPTS AND INVESTIGATIONS 



Objective ; To develop a rationale for teaching science concepts. 



References : 



Magyar, Robert [ \ PREPARING INSTRUCTIONAL OBJECTIVES {Fearon Publications, 
Palo Alto, California). 

Sund, Robert l. t and Leslie W. Trowbridge. TEACHING SCIENCE BY INQUIRY IN 
SECONDARY SCHOOLS {Charles E e Merrill Books, Iric. Columbus, Ohio). 
Romey , William D INQUIRY TECHNIQUES FOR TEACHING SCIENCE (R rent ice Hall). 



Acti vi ties : 

Discussion should follow the television program. Tne television program 
will close out with a 10-minute film, "Toward Inquiry." It is hoped that 
the program (with film) will show the value of teaching concepts through 
student activity or inquiry. 

Each teacher might examine and d ..cuss the following questions: 

U Do you consider your teaching effective? 

2. Is there room for improvement in your teaching? 

3. Why do you teach the way you do? 

4. How could you improve your teaching methods? 

5. If you are aware of areas for improvements, what factors have 
prevented you from implementing these changes in teaching? 

6. How can you and your school proceed to overcome these problems. 
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LESSON 3, Introduction 

THE EARTH - MEMBER OF THE UNIVERSE 



Object! ves : 

1. To locate the earth as a body in space. 

2. To develop a concept of the relation between the solar system and the 
galaxy. 

3. To develop a concept of the relationships of the members of the solar 
system. 



References : 



1. Hibbs, Albert R. * and Albert F. Eiss. THE EARTH - SPACE SCIENCES 
(Laidlaw Brothers, 1969), Chapters 3, 4, and 5. 

2. Bishop, Margaret $.» Phyllis G. Lewis, and Richmond L. Bronaugh. 
FOCUS ON EARTH SCIENCE {Merrill, 1969), Chapter 21. 

3. Earth Science Curriculum Project. INVESTIGATING THE EARTH (Houghton 
Mifflin, 1967), Chapters 23, 25 and 26. 

Special Reference: Trinklein and Kuffer. MOOERN SPACE SCIENCE (Holt, 

Rinehart <5 Winston, 1961). 



Activ i ties : 

1. A scale model of the solar system. 

ESCP Investigation 23-4 Text 501-502 

Teacher’s Manual 633-635 

2. Measuring the diameter of the sun. 

ESCP Investigation 24-10 Text 530 

Teacher's Manual 660-662 

3. Investigating galaxies. 

ESCP Investigation 25-7 Text 547-548 

Teacher's Manuel 677-679 



4. Gravity and inertia must be in balance in order for a planet or satellite 
to stay in orbit. 

Materials: a piece of strong string about 5 feet long 

3 or 4 heavy flat washers 
a spool (or short length of glass tubing) 
a rubber stopper (or some other heavy but soft object) 

Pass the string through the spool, attach the washers to one end of the 
string and the stopper to the ot ier (see i llustratiun). Holding the 
spool above your head, twirl the stopper at proper speed so that the ball 
and weight balance each other. Let the string represent the force of 
gravity attracting the planet (stopper) to the sun (spool). Now twirl 
the stopper with greater force and observe that the stopper moves outward. 



11 



LESSON 3, Introduction, Page 2 



As the demonstration is performed, raise the following questions: (1) 

What happens to the period of revolution of the stopper as the radius of 
the string becomes greater? As the radius of the string becomes less? 

(2) What would happen if the string were to break while revolving about 
your head? Why would this occur? 

Relate this demonstration to Kepler's third law, the more distant a 
planet is from tne sun, the slower it travels in orbit about the sun. 
Suggest a comparison with Newton's law of gravity: as the distance 

increases between objects, the gravity decreases, thus the slower orbital 
speed. Point out one important difference between our analogy and planets 
in motion about the sun. There is a mechanical connection, the string, 
between your herd and the stopper you are twirling. There is no mechanical 
connection between the sun and the planets. 




Was her 



\ 

'"St °pp e r 
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LESSON? 3 



THE EARTH - MEMBER GI THE UNIVERSE 



I. Sun is just one of about 100 billion stars in a galaxy called The Ml 1 ky Way . 

There are more than 1 billion galaxies within reach of the 200-inch Hale 

Telescope and many more than that in space. 

A. Galaxies are classified according to their appearance. 

1. I rregular - As name implies, they have irregular boundaries. There 
are great quantities of gas and dust. Some appear to be rotating 
and have th^ beginning of arms. Most stars in these galaxies are 
large and appear youthful. 

2. Spiral galaxies - Have one or more spiral arms rotating about a 
relatively dense nucleus. Stars in the central hub are thought 
to be older than those in the spiral arms. 

3. Elliptical galaxies - Are symmetrical and range from ellipsoids 
or disks to spherical in shape. There is little dust or gas 
possibly because the material has already been formed in the stars. 

II. Our own Milky Way Galaxy appears as a band of light across the sky. 

A. A spiral type galaxy (diagram). Diameter 80,000 light years 



Model: 1 inch * 1 light year 



A ndromede*. g a / a x y - 2 0 rn i /e S 



fk w a v k / 1 *> 



iblt 



on/ 



fy f a sm 



i // 



hi a r without a te f e $ c o p & • 



Mr- 



o 

ERLC 






G z> ! j r i c 
' \ 5 le r 



' Star 

4. O/s ranee 2-3 in* 



- y+ mi — 









Stars More C/ojei/ 
/V* c A <?<Y //ere 



mi 



r-f mr — J ^ ^ ' f ,nw ’ 

(Every star which can be seen with the naked eye as a single point 
of light is in our own galaxy Only the largest telescopes can 
pick out single stars in other galaxies.) 

B. Closest star distance from earth in galaxy-Alpha Centuri (4.3 light 

years). 

C. The sun is about 2/3 of the way out from the center of the galaxy. 

1. The sun and its solar system are traveling about the galactic 
center at a velocity of 500,000 mi/year. 



2. One complete trip around the galaxy requires 250 million years. 
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III. The Solar System 

A. Our solar system consists of nine planets, comets, asteroids, meteorites, 
dust particles, electric fields, magnetic fields, and light all moving 
about the sun. The Egyptian astronomer Ptolemy devised the first solar 
system in 13G A. D. The Ptolemic Universe was earth centered--earth was 
fixed, and the seven known planets were assumed to travel around the 
earth in circles called deferents. The planets moved in circles called 
epicycles which traveled along the deferents. Those were used to 
explain retrograde motion in the planets. As time went on, the system 
increased in complexity as individuals attempted to explain various 
motions until the system became extremely complex. 

Copernicus {16th century) proposed a sun-centered universe. (This had 
been done much earlier but was not accepted - Greek scholar Aristarchus 
of Samos, 3rd century B. C.) 

B. The sun is an "average" star. 

1. Radius = 696,000 (6.96 x 10 5 ) Km. 

2. Mass 1.99 x 10 30 Kg or 332,000 times that of earth. 

3. Thermonuclear fusion provides the energy which makes life possible 
on the earth. 

C. Planets 

Smallest planet 

Closest to sun (36,000,000 miles) 

Rotates every 58.65 earth days; revolves about 
sun o.ice every 88 days. (Until 1965 Mercury 
was thought to rotate and revolve cnee every 
88 days. Then Rodas observation proved that 
the rotation required only 2/3 revolution.) 

No atmosphere 0 0 

Sun-facing surface temperature (340 C; S69 F) 

So small, gravity is only 3/8 that of earth 

Second planet out from sun (67,200,000 miles) 
earth's closest neighbor (26,000,000 miles) 

Cloudy atmosphere, no oxygen (72 - 98 % CO^; 
atmospheric pressure 7-15 times that of 

earth) n n O 

Temperature varies from 45°C (114 F) to 280 C 
( 53h F) 

Rotates clockwise - 
once every. 243 earth days 
Ye/.r is 224 earth days 

Third planet out from sun at a mean distance of 
92 ,000,090 miles 
Average temperature 56°F. 



1. Mercury - a. 

b. 

c . 



2. Venus 



d. 

e. 

f. 

a . 

b. 

c. 



3. Earth - 



O 
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d. 

e. 

f. 

a. 

b. 
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NOTE: 
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c. Day - 24 hours 

d. Year - 365 days 

e. One natural satelli te 

a. 4th planet out (142,000,000 miles) 

b. Rotates every 24 hours, 37 minutes, 22,1 seconds 

c. Revolves 687 earth days n 

d. Tempera tu* e range - 70°C (-100°F) - +31°C (+80°F) 

e. Atmosphere mostly CO 2 ; surface pressure 3/4 that 
of earth 

f. No magnetic field 

fragments ranging from dust size to 480 miles in 



1 - 


4 Inner planets 


6. 


Jupiter - 


a. 


Mean orbital distance 484,000,000 miles 




b. 


Volume 1,300 times that of earth 






c. 


Density 1/4 that of earth 






d. 


Atmosphere - hydrogen, methane and ammonia 






e, 


Gravity at surface is 2,5 times that of earth 






f. 


Rotates onrp every 9 hours, 50 minutes 






9* 


Revolves 11.9 earth years 






h. 


12 known moons 






i . 


Thought to be composed largely of liquid and gas 


7. 


Saturn - 


a. 


889,000,000 miles from sun 






b. 


Revolves once every 29** earth years 






c , 


Rotates once every 10 hours and 14 minutes 






d. 


95 times larger than the earth 






e, 


Rings (171,000 miles in diameter and 10-20 miles 
thick 






f. 


Has 10 moons 






g- 


Atmosphere - surface cloud covered 






h. 


Composition probably mostly gas 


8. 


Uranus - 


u - 


Composed primarily of gas 






b. 


Diameter 4 times that of earth 






c. 


1,784,000,000 miles from sun 






d. 


Revolves once every 84 earth years 






e. 


Rotates once every 10 hours and 49 minutes 






f. 


Axis of rotation lies in orbital plane 


9. 


Neptune - 


a. 


2,800,000,000 miles from sun 






b. 


Orbits once every 165 years 






c . 


Diameter 28,000 miles, density 0.4 x earth 






d. 


Composi tion gaseous 






e. 


2 moons 


10 . 


Pluto - 


a. 


Discovered 1930 






b. 


Diameter estimated 36,000 miles 






c. 


Orbit varies from 2 ,700,000 ,000 mi les perihelion 
to 4,600,000,000 miles aphelion 






d. 


Orbit requires 248 years 



4. Mars 



5. 



Asteroids 
di ameter. 
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D. Plane of Rotation 

The planets of the solar system all revolve in a band which varies 
from a perfect plane by a maximum of 7° with the exception of Pluto. 
Thus, they move in a band of sky known as the Zodiac. 

1. Constellations found along band known as Zodiac: 



a. 


Aquarius 


9- 


Leo 


t>. 


Pisces 


h. 


Vi rgo 


c. 


Arie; 


i . 


Libra 


d. 


Taurus 


j. 


Scorpius 


e* 


Gemini 


k. 


Sagittari us 


f. 


Cancer 


1 . 


Capri cornus 



E. 



Ecliptic is the path along which the planets appear to travel on the 
celestial sphere. 

/ -tig, g e. ojC •. „• .. Qr ; b !ta / 

,4? f - 




Celestial sphere - A sphere of infinite radius with all the stars 
except the sun located on its surface. 

Celesticl equator- A projection of the earth's equator on the 
celestial sphere. 

Celestial poles - The projection of the N and S poles on the 
celestial spheres. 
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LESSON 4* Introduction 
THE EARTH - PLANET IN SPACE 



Objectives : 

1. To understand the motions of the earth, 

2. To develop a concept of seasons on the earth as they are related to motions 
in the solar system. 

3. To develop a concept of time as a function of rotation. 

4. To comprehend the dimensions of the planet. 



References : 

1. THE EARTH - SPACE SCIENCES, Chapter 12, pages 220-226 

2. FOCUS ON EARTH SCIENCE, Chapter 1, pages 4-12; Chapter 2, pages 24-35 

3. INVESTIGATING THE EARTH, Chapter 3, pages 58-80 (Teacher's Manual 92- 
119); Chapter 4, pages 82-102 (Teacher's Manual 120-145) 

Special References : 

Strahler. PHYSICAL GEOGRAPHY {John Wiley & Sons, Inc., 1961), Chapters 
I. 4, 5, 6 

Trinklein and Buffer, MODERN SPACE SCIENCE (Holt, Rinehart & Winston, 
1961 ) , Chapter 4 



Acti vi ties (involving equipment): 

1. Show the earth's rotation by means of the Foucault pendulum. 

Materials: heavy metal ball (such as a 16 lb shot) 

long wire (15 or 20 feet) 
steel hook 
suspension bracket 

room w?th high celling (gymnasium or auditorium) 

Hook mounted on the wall 

The heavy ball is to be hung at the end of the long wire, from a 
suspension bracket in ceiling. The steel hook must be sharpened and 
rest in a depression ground :n the bracket cs sketched below. Pull 
the pendulum aside and tie it by a fine thread to a hook in the wall. 
When it has become perfectly still, burn the thread. This releases 
the pendulum without any disturbance* The pendulum will continue to 
swing while the room turns because of the earth's rotation. Since the 
support is practically frictionless, the rotation of the room is not 
communicated to the pendulum. In the northern hemisphere the south 
end of the swing will gradually shift westward, and the change can be 
noted in half an hour or more. Care should be taken that no air 
currents disturb the motion. 

The significance of this experiment can be explained by mounting a 
simple pendulum on a rotating stool. Ar.y small heavy object can be 
suspended from a clamp mounted on a stand which is set on the stool. 
Start the pendulum swinging, and then turn the stool under it. The 
pendulun keeps swinging in same plane, which does not change when 
stool and pendulum support rotate. 
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weight 



This investigation can be simulated by demonstration. The materials 
required include a rotating platform (piano stool, etc.}, wastebasket, 
stick, string, and a small heavy weight. Place the empty wastebasket 
on the seat of the rotating piano stool. Tie a string to the weight 
and fasten the other end to the stick. Place the stick across the top 
of the wastebasket and start the pendulum swinging. Then rotate the 
stool seat along with the basket. Notice that the path of the pendulum 
does not change as the basket turns. 



2. Investigating motions in the sky 
ESCP Investigation 4-1 



Text 84 

Teacher’s Manual 123-126 



3. Investigating positions on a sphere 
ESCP Investigation 3-2 



Text 63 

Teacher's Manual 96-99 



4. You can measure the earth 

ESCP Investigation 3-5 Text 68-69 

Teacher’s Manual 102-106 



Activities (involving little or no equipment): 

1. Determine the apparent rotation of the sky due to the earth's rotation. 

Materials: star chart 

plumb line (string and weight). Instead of the plumb line, 
the vertical edge or corner of a building will serve very 
well, if such is available. Do not use posts or telephone 
poles; they may not be exactly vertical, 
pencil and paper 
watch or clock 

a. Choose a location from which the whole northern sky is visible, 
including parts close to the horizon. Identify the North Star 
(Polaris), Big Dipper, and Cassiopeia. Holding the plumb line 
steady at arm's length so that it seems to pass right through 
Polaris, observe carefully where its lower end appears against the 
stars of the Big Dipper or Cassiopeia (or between them). Draw a 
line on the star chart to represent this position of the plumb 
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line, and note the time to nearest minute. Make the same type cf 
observation two or three hours later, mark lines on chart, and note 
the time. Also record the calendar date. In which direction does 
the sky appear to turn? (Clockwise or counterclockwise?) Relate 
this to the earth's rotation: if you looked down on the north pole 

of the ea^th, how would the earth seem to turn? (Clockwise or counter- 
clockwise?) 

Measure the angle between the two lines with a protractor. How many 
degrees is it? Calculate the change in degrees per hour. From this, 
calculate the time required for one complete rotation (360°). What 
conclusion can be drawn from this result? How accurate do you think 
your result is? This observation may be supplemented by photographic 
star trails. 

b. Stand in a particular spot that can be exactly identified later. 

Identify one of the prominent constellations in the southern sky (e.g., 
Orion) and sketch its position relative to prominent landmarks 
(buildings, trees, etc.). Note the time. Two or three hours later, 
standing at exactly the same spot, again observe the same constellation, 
sketch its position, and note the time. How does the change of position 
of this constellation fit in with the change you observed in the north? 
Would its period for one complete rotation differ from that of the 
northern sky? 

c. Observe a constellation that appears low in the eastern sky, and 
observe it two hours later. Explain the changes. 

d. Observe a constellation that is about midway up in the western sky, 
and observe again two hours later. Explain the changes. 

2. Drawing the earth to scale ESi Text 73 

Teacher's Manual 107 

3. Spinning bodies precess on their axes. Obtain a small toy gyroscope or 
wooden top. Start the top or gyroscope spinning and place on any flat 
surface, Notice as the spinning slows that the axis will begin to wobble 
or precess, 

4. Using your school flagpole or any other tall slender object, record the 
shadow made on the ground at noon several times a month during the school 
year. (See Strahler, PHYSICAL GEOGRAPHY, pages 87-88.) 
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I. Motions of the Earth 



A, The earth's motions can be summarized as follows: 

1. The sun and its solar system move with the galaxy and rotate 
about the galextic center. 

2. The earth revolves about the ^un. 

3. The earth rotates and precesses on its axis. 



B. We have discussed the path of the sun in the galaxy and it can be 
summed up as being located about 2/3 (27,000 light years) of the way 
out from the center of the galaxy and traveling about that center 
at a speed of 220 Km/sec (136 mi/sec). Therefore, it takes about 
220,000,000 years to complete one revolution about the galactic center. 



C. The revolution of the earth about the sun enables us to determine a 
year. 



1. Because of the tilt of the earth's axis the seasons occur, 
a. The tilt of the earth's axis is 23kO to the orbital plane. 



b. The tilt is always the same--the North Pole is always oriented 
toward the pole star, Polaris. 
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2, On March 21 (vernal equinox) the sun first shines on the North 
Pole. 




a. The sun is directly overhead at the equator, 

b. Until September 23 the sun will be seen directly overhead 
north of the equator. 

3. On June 21 (summer solstice) the sun reaches the most northward 
position where it is directly overhead. 

a, Tnis position is located at 2VS north latitude and is called 
the T r/pic of Cancer. 

b. At any point norta the Tropic of Cancer, the sun will always 
be seen in the southern nart of the sky. 
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c. The sun does not appear above the horizon within the Anarctic 
Circle on this day (66k° south latitude). 

4. On September 23 (autumnal equinox) the sun has returned to a position 
directly overhead at the equator. 

a. The sun will now be seen for the first time at the South Pole. 

b. The sun is not now visible from the North Pole. 

5. On December 2] (winter solstice} the sun is directly overhead at 

the Tropic of Capricorn (23h° south latitude). This is the farthest 
point south of the equator at which the sun will be seen directly 
overhead. 

a. At the time of winter solstice, the northern hemisphere receives 
the least heat from the sun, 

b. The lowest winter temperatures occur after this date because of 
the "lag" in heating and cooling of the earth. 

c. Sun does not rise on this day within the Arctic Circle (66^° 
north latitude). 

6. The length of time from one vernal equinox to another is known as 
a Tropical Year (365 days, 5 hours, 48 minutes, and 46 second:). 

D. The rotation of the earth on its axis establishes a measure of time 
called a day. 

1. The earth rotates 360° in 24 hours. 

a. 360° divided by 24 hours equals 15° per hour. 



b. Thus an hour is equal to rotating 15° or traveling around the 
earth to a point 15° east or west of the starting location. 




(1) Eastern Standard Time 

(2) Central Standard Time 
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(3) Mountain Standard T i me 

(4) Pacific Standard Time 

2. The notation of the earth may be denonstr i ted by: 

a. The apparent motion of the sun from east to west. 

b . The apparent rotation of stars about the pole star, Polaris, 

c. The Foucault pendulum. 

d. More recent methods involve the use of satellites. 

(}} Satellites travel about the earth in a single orbital 
pi ^ne. 

(2) As the earth rotates, the satellite's orbit appears to be 
slipping westward. 

E. Tne earto wobbles nn its axis. This motion is called P reces s i on and is 
like th e spinning of a top 2$ it (tap) slows down. 

1. The earth's axis slowly makes ? circle, taking 26,003 years to 
complete one circle. 

2. This circle =»l>o varies slightly due to the uneven pull of the 
nvco and the sun. 



II. Size and Shape of the Earth 

A. First determined by Eratosthenes (Greek mathematician and astronomer, 
about 2 )0 b. C. ) 

Stadium - (Staed 1 ee t n) - ancient unit of distance eq* 1 to about 
135 meters. 

Varicrblas - 1. '/oil n^t perpendicular 

2. Distance to syene not accurately measured 
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Measurement amazingly accurate 
Eratosthenes 1 measurement * 26,660 miles 
Present day value at equator = 24,902 miles 

At the time he accomplished this, he was the head of the library at 
Alexandria which was the greatest institution of learning in the ancient 
world. 



B. The earth was considered round until Sir Isaac Newton reasoned that the 
force of rotation was powerful enough to cause a slight flattening at 
the poles. This was proven in 1743 when the earth's circumference 
at the equator was found to be slightly greater than the circumference 
around the poles. 



C. The earth today is treated as a slightly pear-shaped body with bulges 
at the north pole and below the equator in the southern hemisphere. 

{on/Yi 



25rft. 
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Spheroid - a figure slightly different from a sphere, 
Oblate - flattered or depressed at the poles. 



0. Earth statistics 



Axes Length 


N/S Axis 


Equatorial Axis 


(1960) US Army Map Service 


6,378,160 ni 


6,356,778 mi 


(1909) International Stt..dard 


6,378,383 mi 


6,3uo ,91 2 mi 



Values for earth radii are adopted by the Internal ional Union of 
Geodesy and Geophysics. 



Polar radius 
Equatorial radios 
Mean radius 



3,951 nr les 
3,964 mi les 
3,960 rni les 



6,357 Km 
6,378 Km 
6,367 Km 



IlL The Mass and Density of the Earth 



A. Newton's law of Gravitation says that the force of attraction between 
two objects depends upon the mss o c each 




B. Scientists have developed a dedicate pendulum with which they can 
measure the force of gravity between two standard weight*, This 
value is called the gravitational constant. 



C, 



Once the gravi tat ional constant was 
be determined. The mass is 5.98 x 



known, the mass of the earth could 
gra^s (6,C x 10^1 tons). 
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D. Knowing the size and shape of the earth, we can calculate its volume. 

4 TTr 3 = 4 x 3.14 x I3.650) 3 ~ 260 billion mi 3 
3 3 



E. Density is the relation of mass to volume. 



Density 



mass 

volume 



F. Therefore, knowing the mass and volume of the earth, we can determine 
its density. (5.522 gm /cm 3 ) 
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LESSON 5, Introduction 
LOCATION AND MAPPING 



Objectives : 

1. To insure an understanding of locating a given point on the earth's surface. 

2. To develop i. concept of the problems involved in portraying a sphere on a 
flat surface. 

3. To introduce mapping illustrating a map's uses, function, and organization. 



Referen ces : 

INVESTIGATING THE EARTH, Chapter 3, Index 
Special References: 

Strahler. PHYSICAL GEOGRAPHY (John Wiley & Sons, New York), Chapters 1 and 2 
Namowitz and Stone. EARTH SCIENCE: THE WORLD WE LIVE IN (Van Nostrand, New York), 

Chapters 5 and 29 

MAP READING FM 21-26. Anmy Field Manual. Superintendent of Documents, U. S. 

Government Printing Office.. Washington, D. C. 

Teacher's Packet of Geologic Materials: 1. Topographi c Maps Pamphlet 

2. Geologic Maps Pamphlet 
MAP PROJECTIONS FOR MODERN CHARTING, U. S. Coast and Geodetic Survey 



Activities : 

1. Investigating positions on a sphere. 

ESCP Investigation 3-2 Text 63 

Teacher's Manual 96-99 

2. Map Projections P 6-7, Project Ideas in the Earth Sciences, teacher's packet 
of geologic materials. 

3. Projection problems. Place a light source inside a boiling flask on which 
you have previously laid out a geographic grid. Try setting up various 
types of projections and see what types of distortion occur. 
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LABORATORY ACTIVITY: TOPOGRAPHIC MAPPING 

In this activity you will review the fundamental features or Topographic 
Maps and the methods involved in their reading. Feel free to refer to 
the accompanying map. 

1. Name the type of feature indicated in a topographic map by each 
of the following colors: 



a. 


Blue 


d. 


Brown 


b. 


Black 


e. 


Red (overprint) 


c. 


Green 






Show three ways 


of indicating scale 


on a map. 



a. 

b. 

c. 

3. What is a contour line? 



4. What does contour Interval mean? 



5. In what type of terrain is it best to use: 

a. A small contour interval 

b. A large contour interval 

6. In the spaces below show each of the following features using 
contour lines: 

a. A V-shaped valley in which a stream is flowing (use 4 contour 
1 ines) : 
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b. A hil 1 4 contours high: 



c. A depression 3 contours deep: 



d. A ridge with two peaks: 



7. Using a scale of 1" ; 1 mile and a ten foot contour Interval draw 
an island with the following characteristics. The island is three 
miles wide North-South and five miles long East-West. The island 
reaches a height of 90 feet and slopes gently Westward from a 
peak on the eastern end of the island. A stream flows down the 
Eastern slope and a cliff-like slope marks the Western end of the 
island. 
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8. The map below represents an area which has been surveyed but in which 
the contour lines have not been drawn. Two contour lines have been 
drawn to help you get started. Now it's up to you to complete the 
map. Before you start, explain why a contour interval of 20 feet was 
chosen. 




9. Measure the distance along the creek shown from point A to point B. 
Use the straight edge of a piece of paper to mark off the distance 
and compare it with the graphic scale. 




1 L _L. -1 



i 



10. Qn^ of t io most valuable techniques that can j-* used with topographic 
man? is a orofile or section A profile or section is a silhouette 
of tne elevations alonn a frvon line It $n(v$ what toe land would 
loo; li.<n if cut vertically along loaf. base lin* To construct a 

section, place a strip of paper along t»*e base lino erf"' the 

point 0 '’h£>v r ntnur lines ^nd t.io base line intersect. Wr^e 
tiie elevations next fo each point toe strip. Construct a series 
of linos at ean elevation. {T.ns been dorse for you in the 
first t iree examples.) Transfer to? elevations f’\»n the strip to 
the lino and connect the points with o smootn line. This line is a 
profile or section of the terrain along the base line. 
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10 ft. interval 




Section a. 




Section b. 
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Section c. 




Section d. 
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LOCATION AND MAPS 



I. Location 



A. Direction on the earth 



1. If the earth did not rotate, locating a position on its surface 
would be very difficult, 

a. Spheres have no top, bottom, or sides, 

b. Directions can only be defined if some reference point is given. 

2. Since the earth rotates, the ends of its axis (north and south poles) 
provide the reference points needed to determine direction. 

a. The north-south direction extends along a line connecting the 
two poles. 

b. The east-west direction extends along a line at right angles to 
the north-south line. 



3. The basis of today's system was invented by the ancient Greeks. 

a. They devised the imaginary line system of north-south and east- 
west di rections . 



b. Ancient Greeks believed the world was round. 

c. These lines crossed Greece since it was considered to be the 
center of the world. 

(1) Places were located by their distances from these lines. 

(2) The system "ater expanded to include seven lines, each 
passing through an important city. 

8. Location on the earth can be established by sighting heavenly bodies. 



1. Polaris, the star located nearly over the North Pole can be used 
to determine position. (Other stars and constellations can be 
used in a simi 1 ar manner , but this method involves more calculations.) 



2. The sun, since it appears to rise in the east and set in the west, 
can be used to determine past and west. 




3. Locating direction and position by observation of heavenly bodies 
is called celestial navigation . 

a. Celestial navigation is one of the oldest and most widely used 
methods of navigation. 

b. Latitude (in the northern hemisphere) is established by sighting 
the angle of Polaris. 

c. The Zenith is the point directly overhead in the sky (90°), 
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d. The angle of the horizon is 0°. 



A 



C' n i~t h 




\ 



o. 

o 

ERIC 



Lati tude--In describing position on the earth's surface, changes in 
a north-south direction are indicated by use of a system of lines 
parallel to the equator. 

1. This system of lines on the earth's surface is determined by 
celestial sighting. 

2. The distance from the equator to either of the poles is 1/4 of a 
full ci rcle or 90°. 

3. The equator is labeled 0° latitude. laris is visible on the 
horizon (0° angle). 

4. Positions north or south of the equator are oiven in degrees (°), 
minutes ('), and seconds ( M ) f plus a symbol to indicate north or 
south latitude. 

a. North latitude includes all parallels between the equator and 
the North Pole. 

b, South latitude includes those between the equator and the 
South Pole. 

5. A degree of latitude is equal to approximately 70 mi"!es. 

a. 1/60 of a degree is one minute or about one nautical mile. 

b. 1/60 of a minute is one second or about 100 feet. 



Longi tude--the east-west position of a place. 

1. A n eri di an of longitude is an imaginary line drawn from che North 
Pole to the South Pole. 

a, Meridians are divided in the same manner as parallels into 
degrees, minutes, and seconds. 




° 
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b. Since there is no natural starting place, an initial or prime 
meridian was established by international agreement, 

c. The prime meridian (0°) passes through Greenwich, England, and 
locations are given in east or west longitude from that point. 

(1) East and west longitudes each extend only halfway around the 
earth. 

(2) The 180° meridian (directly opposite the 0° meridian) 
separates east and west longitude. 



2. Longitude is more difficult to determine than latitude because it 
involves the measuring of local time at 3 place and comparing it 
to the time at Greenwich at the same instant. 

a. The earth rotates 360° in 24 hours (15 0 per hour). 

b. Each 15° of longitude equals one hour of time difference. 

c. This time is local sun time, not necessarily the “standard 
time-zone time. ,r 



d. Because time sequences run for only 12 hours, lorgi tude must 
be given both "East of Greenwich" and "West of Greenwich." 



E. Location--To fix the position of anv location on earth, latitude and 
longitude coordinates must both be given* (Exceptions: North and 

South Poles) 




1. Example: Washington, D. C- 38° 53' N; 77° V W. 




2. Magnetic Poles 

a, In navigation, t.-r no-*. -n> n nHaot far(o r . .j t^r. lion of 
travel . One v f a of a :*:rr ; nirn this i" t '.■* 'cm n os:. 

(1) The magnetic compos*? i ; basically a magnetized needle. 

(a) The earth is ^ giant in met wh:se lines of f orce run 
in i nnrtivs-'Uf.i direction. 

(b) The needle :«f an/ magnetic connass tends to 1'iie up 
with the earth'; .nagnetu field 

f r \ T I', r. ri-i inf'll • r - ' * - -J - - * ' “' T * ' : ■ - ‘ " r '' ! 1 r • 1 1 . [ .7 . 
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(d) The locations of the magnetic poles vary from place to 
place and from time to time- 

(e) The difference between magnetic north and true north is 
called magnetic declination, 

(f) Magnetic declination is measured in degrees east or west 
of nortn and is shown on special "isogonic 11 maps. 

(g) Magnetic declination is shown on other maps by means of 
a declination diagram. 



\ i 

M a o retie "yc 
dec f //J at lor \ 



, A 



\ 



(l) There are several other types of compasses. 

(a) -Syr o compass 

(b) Radio compass 

b. Celestial sighting is also used to determine truo direction. 
3. Mappin g 

a. Functions and kinds 




(1) Maps are necessary and important to nan. 

(a) Ihere are many tvpes if mcp$--road maps, political map., 
geographical maps, weather maps, climatological map'.,,, 
topographic maps, geologic maps, hydrologic maos, a n d 
navigational charts-- to name but a few. 

(b) Each kind of map is adapted to serve a particular pilose. 

(2) Maps serve to guica men from place to place, aid in sti 
a particular area, bring the e' 'tn’s surface into the 
laboratory, cut costs and speed up engineering work or piai.'ii r. 
and assist with many other functions 

b. Map Projections 

(1) Since the eartn is spherical, can be shown without 
distortion only on another sphere (globe). 

(2) Any attempt to transfer toe curved surface of the earth ‘ 
the fiat plane of a map introduces distortion. 

(a) Maos o f snail areas if the earth's surface have onM 
slight distortion 

(b) Maos of large a^eas tend to hpve great distortion. 

(3) Projections are methods of t rans t e t i no the curved surface 
of the earth onto the flat (plane) surface of a map, 

(a) NO projection can be made that avoids all distortion. 

( b } Some projections show shape correctly while others she,, 
directions correctly. 

(c) fo- any given map, the projection must be chosen according 
to the needs o? f ie usr»' 
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(4) Types of projections 

(a) Projections based on a cylinder 

. Cylindrical projections represent equatorial areas 
accurately but have great distortion in the polar 
areas . 

. Mercator (a lype of cylindrical projection) spaces 
the parallels farther apart in che higher latitudes, 
gives the land proper shape but exaggerates size, and 
is useful in navigation because all compass courses 
are straight lines. 

(b) Projections based on a plane 

. Geomonic (all but very small areas badly distorted). 
Great circle routes are shown as straight lines. 

. Polar projections are geomonic projections of the 
polar areas. They are normally used because they are 
the best of the possible projections for polar areas. 

(c) Projections based on a cone 

. Conic (shows a relatively small area distortion “free"). 

. Polyconic (uses a series of cones fitted together to 
form a larger distortion “free" map). Most maps used 
for field work or to portray land surface in the U. S. 
utilize polyconic projection. 
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MAPPING 



Objectives : 

1. To develop an understanding of how maps are constructed, 

2 . To develop a concept of the function of contour lines. 

3. To develop a facility in reading and interpreting topographic maps. 



References : 

INVESTIGATING THE EARTH, Chapter 3 
Spec. al References : 

Strahler. PHYSICAL GEOGRAPHY (John Wiley & Sons, Inc., New York), Chapters 1, 
2 and 3 

Namowitz and Stone. EARTH SCIENCE: THE WORLD WE LIVE IN (Van Nostrand, New 

York), Chapters 5 and 29 

MAP READING FM 21-26. Army Field Manual, Superintendent of Documents, U. S. 

Government Printing Office, Washington, D. C- 
INTRODUCING MARVIN MARKER, U, S, Coast and Geodetic Survey, Washington, D. C. 
Teacher's Packet of Geologic Materials: 1. Topographic Maps Pamphlet 

2. Geologic Maps Pamphlet 

3. Index to Topographic Mapping For 
North Carolina 



Ac 1 1 vi ti es : 

K Investigating maps as models 

ESCP investigation 3-9 Text 76-7? 

Teacher's Manual 109-113 

2. Make your own map. 

Survey your school ground by pace and compass or build the plane table and 
rod shown below and then, using pace and direction, draw a contour map of 
the area. Use a scale like 1 inch = 10 feet. Do not try to survey every 
point--just locate a series and carefully sketch in the contours between 
points 

Make your own pi me table from 3/4 inch plywood and cut it 18 inches wide 
by 24 inches long. Make the tripod by cutting a 6 inch circiO and fastening 
three 1 M x 3 ri pieces of wood to it as shown. Cm 6 pieces for legs, 3/8" 
wide and 3 3/4' long 
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Attach them to the tripod base with screws and fasten them together at the 
bottom with screws. Drill and countersink a hole through the table and 
tripod base. Mount the plane table to the base with a bolt and wing nut. 

Construct your stadia rod from a piece of 1" x Z n wood at least 6 feet long, 
Mark the rod off in feet and inches and paint it in contrasting colors (for 
example, black or red on a white background). 

Your alidade can be made from a ruler. Bend two strips of metal and notch 
each as shown below. 



T 

Jl 



_£7 



notch 



4-8 




Jl 

& 

T 



Glue the strips to the ends of ruler and, if possible, also glue a small 
bubble level to the ruler center. 



Stoats 






I 



3. Map Revision, Page 7, PRftlFCT IDEAS IN THE EARTH SCIENCES , Packet of Geologic 
Materials. 
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MAPPING 



I. Basic Map Design {all maps contain the following inf ormation. ) 

A. Compass direction 

1. The standard method of showing direction on a map is to make the top 
of the map north. 

2. As you look at a map, the top is north; the bottom *s south; the 
right is east; and the left is west. 

B. Latitude and longitude. Because of the standard map orientation, the 
meridians run from top to bottom and parallels run from left to right. 

C. Declination diagram. Since magnetic north and true north are usually 
not the same, a diagram is used to indicate the difference. 




D. 



Scale - the relationship between distance on the map and distance on 
the ground. Scale may be shown in three ways. 



1 . Graphic Scale: 








2. The representative fraction (RF) is expressed as a fraction. 
For example, 1/10,000 means that one unit of any kind on the 
map equals ten thousand of the same units on the ground. 

3. Verbal Scale - a worded statement of scale (example, "One inch 
equa Is a mi le . !l 

4. Tne other symbols and information shown on a map will vary 
according to the purpose of the man. 

1 1 . Topographi c Maps : 



Although the earth sciences employ nearly every imaginable type of map, we 
shall discuss topographic maps as a beginning point because they are the 
most commonly used type of map. 




A topographic map is a graphic representation of selected man-made and 
natural features of a portion of the earth's surface plotted to a given 
scale. 
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1, The distinguishing character Me of a topographic map is ,he 
portrayal of the shape and eo Mon of the terrain, 

2 . They also show the location and shape of mountains, valleys, and 
plains; the network of streams and rivers; and the principal works 
of man, 

E', Map Making Agencies 

1, The governments of most countries make topographic maps of their 
territory for military, scientific, and commercial use, 

2, The United States Geological Survey is responsible for topographic 
mapping in the United States and its territories, 



C. Making a Topographic Map 



1. Survey crews establish a tri angulation network of known distances 
between prominent points on the ground. 



a. A base line is established. 

(1) Very accurate measurement is required when establishing 

a base line, A special tape is used, 160 feet long, and 
laid down 33 times per mile, 

(2) The base line is five miles long and is measured and 
remeasured until the measurements average Mve miles and 
one inch* 



b. Using a transit, angles are measured to a third point from 
the ends of the base line comp eting a triangle. 




feint 
of A * c 
f 6c ati orn . 



t ecise 

6e i e n 



' A 
/ ' 



// A n o v n 



<t i 5 1 a r* re 

p t n 1 * $ 



These triangles can then be extended to establish a series 
of points whose positions are known precisely. 

c. A second survey establishes points whose elevation is 
precisely known as leveling 

d. The points of known location and elevation are marked with 
brass markers known as "benrh markers 11 



2. High altitude aerial photographs are made of the area to be mapped. 



ERjt 



3. The photographs are precisely located by pinpointing the bench 
marks on the photographs. 



The photographs are correlated 



i n 



fho pa ' /< a ,nrj prpja^ + nrj 

. ■ ■ - - - - — * 



4, 



i .. 
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picture of the earth's surface, the compiler completes a rough 
map. 

5. The completed rough map is field checked by a team of men who 
add names and correct any errors or make changes to bring the map 
up to date, ^ 

6. The corrected map is printed and distributed. 

a, The U.S.G.S, has published maps in IE minute and lh minute 
series covering more than one-naif o f the United States. 

b, For the current map coverage in North Carolina, consult the 
free map index. 



NATIONAL TOPOGRAPHIC MAP SCRIES 



STANDARD QUADRANGLE 



SERIES 


SCALE 


V' EQUALS 


OUADRAUGLE SIZE 


AREA (Mi 2) 


7'-" 


1 :24*OGO 


2,000 ft 


7V’ x 7’?" 


49 - 


70 


15" 


1:52,500 


About 1 mi 


15" x 15" 


197 - 


232 


Alaska 


1 : 63,360 


ExecHy 1 mi 


15" x 20-36" 


207 - 


281 


U. S. 


1 : 2 50 ,000 


Nearly 4 mi 


1° x 2° 


4,579 - 


8 ,669 


U. S. 


1:1,000,000 


About 1 6 mi 


1° x E° 


73,724 - 


102,759 


NOTE : 


All naps published 


b* the U.S.G.S. 


li ti 1 1 Z° pml/cnnic 


projection. 





0. Rep^e: ent ina features on typographic maos: 

1, Man-made features *nd naiiv naturally occurring features are shown 
on maps by means n f c yib»ls ar colors, 

2. The U.S.G.S, Jns established a uniform series symbols .and colors. 
(See topographic maps pamphlet* Teacher's Packet of Geologic 
Materi :1s . ) 

E. The snaps jf the 1 m cn :>e shown several ways. 

The shape c>f j land surface is principally a function of its relief, 

Tnc relie f of a land surface i c toe variation in height of the surface 
related t ^ - e a 1 mad. 




K Relief ne- f b? shown sever ? \ w*y<. 

a. Relie f maps -mini ■'turn models of the l,nd surface. 

b. Hatcliures shj; ‘ s f raigiit lines dra.;^ in t y e direction that 
water *'ould take in f lorn fig down si opr. 

c. Color-shading from green to dark brown describing high Mountains. 

d. Contour 1 ines-li res on a n r n joining all points r n the surface 
■nvir, a t' i c> s e^e^atinn . 
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2, How contour lines work (rules for contour lines): 

a. A contour line connects all points of the same elevation. 

b. Contour lines are shown for all elevations which are multiples 
of the contour interval. 

(1) Contour interval is the difference in elevation between 
lines. For example, when the contour interval equals ten 
feet, then contour lines are drawn at 0, 10, 20, 30 feet. 

(2) The contour interval used varies according to the size of 
the map and the topography of the area. 

(a) Normally, 10-20 foot intervals are used, 

(b) Steep mountains, 50*100 foot intervals. 

(c) Flat plains, 1-2 foot intervals. 

c. Index contours are heavier and darker than other contours. 

They are broken occasionally and the elevation is given. 

d. An x or BM (bench mark) indicates a point for which the exact 
elevation is known. 



e. Contour spacing is an indication of slope, 

(1) Wide spacing indicates a gentle slope, 

(2) Close spacing indicates a steep slope. 

f. Contour lines never cross. (They may appear to do so in the 
case of overhanging cliffs.) 

g. Contour lines never split. (They may appear to when they 
separate after running together along a cliff.) 

h. When crossing e stream valley, contours bend to form a V-shape 
pointing upstream. 

i. Contour lines form closed loops indicating a hill. (They may 
close off the map, ) 



j. Hatchured contours indicate a depression. 

3. Places on a map may be located in four ways: 

a. By latitude and longitude designations. 

b. By direction and distance from a specified point. 

c. By rectangles. 



1 


2 


l a T 
’f s i 

? e 
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LESSON 7, Introduction 

THE ATMOSPHERE AS A HEAT ENGINE 



Objectives : 

1. To derive an understanding of the composition and structure of the atmosphere. 

2. To understand the methods by which energy is introducec into the atmosphere 
and distributed. 



References : 

} r THE EARTH - SPACE SCIENCES, Chapter 18 

2. FOCUS ON EARTH SCIENCE, Chapters 9 and 10 

3, INVESTIGATING THE EARTH, Chapter 7 

Special References : 

Wolfe, et aK EARTH AND SPACE SCIENCE (D.C. Heath & Co., Atlanta), Chapters 26, 
27, and 28 

Strahler . PHYSICAL GEOGRAPHY (John Wiley & Cons, New York), Chapter 7 
WEATHER AND CLIMATE IN NORTH CAROLINA. Agricultural Experiment Station, North 
Carolina State University, Raleigh 

LOW TEMPERATURE PROBABILITIES IN N0R1H CAROLINA. Agricultural Experiment 
Station, North Carolina State University, Raleigh 



Ac t i vities : 

1. Investigating radiant energy. 

ESCP Investigation 7-1 Text 156 

Teacher's Manual 199-201 

2. Investigating land and water temperatures . 

ESCP Investigation 7-10 Text 172 

Teacher's Manual 209-212 

3. The surface of the earth is unequally heated by solar radiation. 

Materials: screen wire 

slide projector 

large globe (12-16“ diameter) 

Illuminate the globe by the light of the projector. Place the screen wire 
in the projector as if it were a slide. Focus so that the screen mesh may 
be seen clearly on the globe. Point out that the amount of light and heat 
passing through each square of the screen is the same. Note that where 
the light strikes the globe most directly, the squares are smallest and 
indicate the greatest concentration of heat and light. The larger squares 
at the two polar regions represent a low concentration of heat and light. 

Note that the same situation exists at sunrise and sunset on the globe. 

4. Measuring the sun's power. Bell Telephone Company, Science Experiment No. 2, 
O pp. 6-10. 



LESSON 7 

THE ATMOSPHERE AS A HEAT ENGINE 



I. The Atmosphere 

A. The atmosphere is a mixture containing nitrogen (78%); oxygen (21%); 
other gases, principally CO^ and argon (1%); and suspended water vapor, 
dust, and other particles. 

B. At least three cycles operate within the atmosphere that are vital to 
1 i f e . 



1. The Carbon Dioxide Cycle - maintains the balance between living 
things and gases Tn the air. 

2. The Nitrogen Cycle - nitrogen is converted by bacteria into 
compounds necessary to plant growth. 

3. The Hydrologic Cyc le - cycle of water vapor, evaporation, conden- 
sation, precipitation. 

C. The atmosphere tends to be layered. 

1. Tne troposphere - the earth's surface layer, 5-11 miles thick. 

a. Within this layer, our weather phen^men^ occur. 

b. The temperature decreases with increasing altitude (3.5°/ 

1 ,000 ft.) 

2. The stratosphere - from the upper troposphere boundary to about 
30 miles ^ut from the surface of the earth. 

a. There are no clouds, only some ice particles. 

b. The temperature tends t? remain constant. 

3. The mesosphere - from 30 to about 55 miles out from the surface 
of the earth. The temperature dr^ps with increasing altitude. 

4. The ionosphere - ionized layers above the mesosphere extending out 
tn about 300 miles (atmosphere extremely thin). 

II. Tne Sun's Energy Affects the Atmosphere 

A. 15% of the sun's energy is absorbed by the upper atmosphere. 

B. 42% of the sun's energy is reflected by the clouds and the atmosphere. 

C. 43: of the sun's energy penetrates to the surface of the earth. 




1 . 



2 . 



The a lount of energy absorbed depends ^n the 
(albedo): snow (25%), water (60-96%), grass 

forest (95"), plowed fields (75-95%). 

The short wavelength energy absorbed !< v r : c 



type of surface 
(80-90%) , sand (75%), 



* 



S i <; yr- r -j r* i 1 t f A r 
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3. The atmosphere retards the passage of the heat energy into space 
and is heated as a result. 

4. The result is a moderating effect on the earth's temperature known 
as the Greenhouse Effect . 

D. The amount of heating that occurs at a given point on the earth's 
surface depends on four factors. 

1. The amount of sunlight striking the surface. 

a. Angle of incidence 

b. Exposure time 

2. The amount of moisture in the air 

3. Surface conditions 

4. Night conditions 




III. Movement in the Atmosphere is Caused by Heating and Cooling 
A, Most initial air movement is caused by convection . 

1. Convection occurs when air is pleated causing if to expand; as 
it becomes less dense, it rises. 

2. Most "local" breezes are due to convection currents. 



3. The pressure of an air mass is usually related to its temperature. 

B. The movement of air within the entire atmosphere is called PI anetary 
Circulation . 

1. This circulation is nausea by the movement of warn air from the 
equator toward the poles, and cool air from the polos toward the 
equator . 




(See illustration on next page.} 
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2, If the earth did not rotate, the result would be a simple series 
of convection cells. 




40 



